Introduction.
In his book on dynamic stability Bolotin [1] presents, after considerable development, the nonlinear differential equation describing the motion of a parametrically excited column /" + 2e/' + Q2(l -2M cos 6t)f + HI, f, /") = 0,
where a prime represents differentiation with respect to time, e is the coefficient of the linear damping force, 0 is the frequency parameter, /x is the excitation parameter and 6 is the frequency of the forcing function. More specifically, 12 is a parameter representing the system's natural frequency and m is a parameter related to the magnitude of the forcing function. The function ip can be shown to take the form mi, r, n = yf + 2 iLfr + 24//" + (/')2j/,
where y is the coefficient of the nonlinear elastic restoring force, tL is the coefficient of the nonlinear damping force, and k is the coefficient of the nonlinear inertia force. The nonnegative constants e, y, eL and k characterize internal and hence natural properties of the column. However, it should be noted that one can formulate equivalent external mechanisms to produce the same linear and nonlinear effects. An inspection of (1) In dealing with the system of Eqs. (1), (2) Bolotin uses the method of slowly varying amplitudes, and in so doing reduces the system to one which may be regarded as qausilinear. With this procedure he is able to extract useful information concerning the relationship between the amplitude of vibration of the system and the parameters 0, 0 and m-However, he avoided the important question of the boundedness of solutions for the system.
The purpose of the present note is to fill this gap with the following theorem on boundedness of solutions.
Theorem.
Let f be any solution of the initial value problem (or the differential equation (1), (2) in which all constants are nonnegative, and if k ^ 0 the inequality k < eL/2e is satisfied. Then there exist positive constants f0 and tj0 such that l/l < fo , l/'l < Vo for all nonnegative t. Our proof of this theorem is achieved through the use of an energy identity. We have discussed similar identities in [3] , [4] and [5] .
2. Energy identity. Let us consider the initial value problem for the system (1), (2) and establish the basic energy identity we wish to use. We begin by placing (2) From both the mathematical and physical point of view the case m > I is the most significant, for it represents the case when the magnitude of the harmonic forcing function has a large influence on the solution. That is, in the development of Eq. (1) the forcing function on the column was postulated in the form P = P0 + Pi COS rt, from which evolved the constant H = J\/(2(P* -P")), (M > 0; Po ^ P*)
where P* is the linear static Euler critical buckling load. Thus it is seen that as m -> 0 we approach a static loading of the column. From the foregoing it is seen that the conditions for studying the boundedness of the parametrically excited system (1), (2) are that all of the constants be nonnegative.
Returning now to the last energy equation above, we note the identity To pursue the other case in which F(/, t) > 0, let
The sets rJ\ and T2 are closed sets consisting of disjoint intervals each of which either has finite length or is of the form [i0, co), t0 > 0. On the set Ti the inequalities (6) are satisfied. The sets and T2 have as their intersection the points (if any exist) at which F(j, t) = 0. At these points equations (6) hold. Hence, at the left-hand endpoint of any interval of the set T2 the function E(f, t) is bounded by the maximum of the bound obtained by applying (6) to estimate E and the number E(j, 0). Call this maximum f.
Let t0 be the left-hand endpoint of a typical interval of the set T2 . If t > t0 is any point of the interval in question we deduce from (3) that E(J, t) < E(f, t0) < f. and from (7) we obtain r< 4f'{[l + 02(2m -1)] +7f'}.
